We compared the diffraction-and RICM-measured extension difference between the folded and the unfolded state of the hairpin S30T8, which has a 30-bp stem, an 8-nt Thymine-loop, and repeatedly folds and unfolds when the applied force is 12±1 pN ( Figure S1 ). The expected change in extension for the folding transition is 27.8±0.6 nm. We found 27.6±0.1 nm for diffraction and 27.4±0.2 nm for RICM. Thus, within the experimental error, the results are in agreement both with each other and with the expected extension change. 
. (a) Schematic of hairpin experiment. (b, c) Bead height vs. time near the critical force measured using (b) diffraction from a 2.8 m diameter magnetic bead and (c) RICM from a gold-coated 4.5 m diameter magnetic bead. (d, e) Distributions of bead heights calculated from the raw data in (b) and (c), respectively.
OPTICS FOR RICM-BASED MAGNETIC TWEEZER
Interfering rays reflected from different optical interfaces of the sample form an RICM image. To evaluate the intensity measured at position in the image plane, we have to consider the superposition of all interfering rays from the different sources. For incoherent light, ,
where denotes the polar angles of the incidence at position . Figure S2 . Schematic of rays reflected from a spherical bead and a substrate with multilayer.
If we take into account that s-polarized light cannot interfere with p-polarized light and vice verse, the intensity can be written as ,
,
where R is the effective reflection coefficient that characterizes the reflection of the whole system. If we suppose homogeneous illumination, and decompose half the incident intensity into s-polarized and the other half into p-polarized light, then , with ,
where I 0 is the intensity of the incident light and denotes the maximum illumination angle , which is determined by the illumination numerical aperture of the microscope and the refractive index n 0 of the substrate.
The upper limit of integration for normalization of Eq. (3) corresponds to the opening angle of the illumination cone, . Eq. (3) can be written as .
(5) Figure 1 shows the situation for an example of a spherical bead and a substrate with multilayers. Rays E 2 and E 3 from the different paths of the extended illumination source interfere with their complementary ray E 1 , and rays E' 2 , E' 3 and E' 4 from the different paths of the extended illumination source interfere with their complementary ray E' 1 at position A(x,y). Here, rays are complementary if they originate from the same point within the source, which is equivalent to being parallel upon reaching the sample plane. The differences in optical path length, 1 and 2 , between E 1 and E 2 and E 3 are ,
.
The differences in the optical path length, ' 1 , ' 2 , and 3 , between E' 1 and E' 2 , E' 3 , and E' 4 are (8)
The lengths of , , and can be calculated from backward-ray tracing(1), as well as all reflection positions and angles of E' 4 . The effective reflection coefficient R results from the traces of rays E' 1 , E' 2 , E' 3 , and E' 4 and is given by (11) (12) where r ij,A is the reflection coefficient of the interface between layers i and j at position A, and t ij,A is its transmission coefficient, and k=2 / is the wave number, where is the wavelength of the illumination light. The coefficients r ij and t ij are given by the Fresnel equations. The effective reflection coefficient R 0 corresponds to E 1 , E 2 , and E 3, when E' 4 exists.
The Heaviside functions ensure that the interference term includes only rays E' 1 , E' 2 , E' 3 , and E' 4 , which are incident within the cone of illumination. All angles are defined with respect to the angle and , indicating the orientation of E' 4 at A(x, y) The existence criteria of the rays are characterized by the Heaviside functions as a function of the angles and . Not every ray E' 1 has a complementary ray E' 4 . Even if it exists, the point of incidence G of E' 4 must be inside the imaged area; also, the finite coherence length of waves from the mercury arc lamps [<30 m] restricts E' 4 . As a consequence, it follows that and = , if E' 4 exists & the point G is inside the image area & = and , otherwise under those condition, E' 1 , E' 2 , and E' 3 become E 1 , E 2 , and E 3 and R 0 = 0, when E' 4 does not exist Since the rays re-enter the microscope after reflection, must be smaller than the maximum angle of detection , where the NA is the numerical aperture of the objective lens, we obtain (13) where .
Together with Eq. (2), we obtain the local interference intensity for the nonplanar object on multilayered substrate. The integrals were solved numerically by a double Trapezoidal integration procedure (2), where the number of subinterval of the integrations was 1000. Figure 2 shows an example of the intensity profile of RICM image as function of h, calculated using parameters in Table S1 .
Each intensity profile I exp (r) measured in the experiment was compared with a series of intensity profiles I S (r,h) calculated for every 1 nm change in bead height h. The absolute squared differences 2 (h) for pairs of I exp (r) and I S (r,h) were calculated,
and the final value of h was selected by interpolation in the vicinity of the minimum 2 (h). Table S1 . Parameters used at simulations of the intensity profile of RICM image. 
